The materials, structure and strength parameters of all the components of the scaffolds are regulated by safety standards to ensure the safety of construction site workers. Whenever a new scaffold member is developed, its design must follow the standard. Therefore, all scaffolds have the same structure. This study is fundamental to the establishment of a new method to evaluate a scaffold's performance in the buckling strength. Thus the buckling of scaffolds is often caused by the excessive weight of vertical loads. In the buckling modes, there is member buckling, as each story of the scaffolds curves, and total buckling, as the whole side of the scaffold caves in. Recent studies confirm that total buckling is often caused when a stiffening member in the vertical frame is shorting. It is known that shear rigidity of the horizontal frame can also influence buckling modes. However, the influence of shear rigidity of both vertical and horizontal frames on the scaffold's buckling modes has not been made clear. We therefore performed a numerical analysis to investigate this, using the shear rigidity of the vertical and the horizontal frames as parameters. In this study, a buckling experiment was executed in order to obtain fundamental data to help solve the problem of buckling scaffolds.
Introduction
The prefabricated scaffolds are commonly used on construction sites in Japan. To ensure worker safety, the scaffold structure is regulated under the Japanese Industrial Safety and Health Law (Roudou, 2009 ). Based on this law, the materials, structure, and strength of the scaffolding members are regulated. The a Corresponding and presenter: Email: takahah@s.jniosh.go.jp vertical load on these scaffolds consists of live weight; i.e., people, as well as materials. The prefabricated scaffolds might also be used as timbering. Therefore, the prefabricated scaffolds can be subject to excessive vertical loads that may cause buckling. The buckling modes of scaffolds are illustrated in Fig 1. They include member buckling, as each story of the scaffold curves inwards and total buckling, where the whole side of the scaffold caves in. The load required to induce total buckling is smaller than for member buckling because the buckling length required to induce total buckling is greater. Recent studies confirm that total buckling usually happens when a stiffening member of the vertical frame fails (Mori et al., 1962) . Therefore, it has been thought that total buckling is associated with deficiency in shear rigidity of the vertical frame.
On the other hand, shear rigidity of the horizontal frame is an influencing factor on scaffolds buckling. Therefore, it has been thought that the shear rigidity of the horizontal frame also influences the strength of scaffolds.
The author of this study and his group have developed a numerical analysis, using the shear rigidity of the vertical and the horizontal frames as parameters. From the analytical results, the relationship between the two buckling modes, member buckling and total buckling, could be investigated (Takahashi et al., 2009) .
In this study, a buckling experiment was executed in order to obtain fundamental data to help solve the problem of buckling scaffolds.
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Buckling Experiment of Vertical Frame

Experimental model and method
The buckling load of one vertical frame more or less equals that of the whole scaffold when member buckling occurs. It is been thought, therefore, that the buckling load of scaffolds can be estimated from the buckling load of one vertical frame. In the light of this, we used the buckling load of one vertical frame for our experiment. The vertical frame used in the experiment was situated in a general construction site. The vertical frame used in the experiment and the pressure device are illustrated in Fig 2. The upper and lower edges of the leg member were set the universal jack of the pin joint. The load was set on the upper leg member by the pressure device. The load was measured by the load sell in the pressure device.
Experimental results
The buckling load of the vertical frame in the experiment P e is 115.3 kN. The equation for the calculation of the buckling load of the vertical frame is that proposed by Mori and his group (Mori et al., 1962) and we used that equation to evaluate our experimental result: 
Where, is the ratio of the circumference of a circle to its diameter;
E is Young's modulus; I e is the equivalent geometrical moment of inertia of the scaffolds; h 0 is the height of the vertical frame. I e is calculated to take into account the influence of the scaffold's stiffening member and is shown in the following equation:
Where, I 0 is the geometrical moment of inertia of the leg member in the vertical frame;
I s is the stiffening member's geometrical moment of inertia; h s is the height of the stiffening member. The buckling load of the vertical frame is represented by Eq. (1) P se is 105.2 kN. The ratio of the buckling load represented by Eq. (1) to that of the experimental results P se / P e is approximately 0.91. The buckling load represented by Eq. (1) is only 9% less than one of the experimental results which makes it a good fit. Therefore, it was confirmed that the buckling load of the vertical frame can be calculated by Eq. 
Buckling Experiment of Scaffolds
Experimental model and method
The buckling experiment was conducted in order to obtain fundamental data on the buckling load of scaffolds in accordance with safety regulations. The scaffolds used in the experiment and the pressure device are illustrated in Fig 3. The scaffolds selected were a 5-story and a 2-span. The horizontal frame and the braces of the scaffolds were set identically for all stories and all spans. The upper and lower edges of the scaffolds were set the universal jack of the pin joint. Stays were fastened to the scaffolds in accordance with current regulations. The intervals between stays had to be not more than 8,000 mm in the horizontal direction and 9,000 mm in the vertical direction. Stays were placed at intervals appropriate for a 5-story (1,700 mm [length of vertical frame] × 5 = 8,500 mm) and 4-span (1,800 mm [length of horizontal frame] × 4 = 7,200 mm) scaffold. When a vertical load was set on top of the vertical frame with stays in position, it was assumed that the stays shared the load. However, we then set the vertical load on top of the frame without stays in place to simulate a situation of greater risk. Stays were set in the vertical frame at both ends of the fifth story of the scaffolds, as shown in Fig 3. The upper and lower edges of the scaffolds were set the universal jack of the pin joint. The load was set onto the highest story of the central vertical frame with the aid of the pressure device. The scaffolds in our experiment both displayed member buckling at the fifth story, as shown in Fig 4. Buckling occurred along the installation length of the brace. The buckling load of experiment P e is 221 kN. When a braced scaffold exhibits member buckling, the buckling length is less than one story because the brace itself (h b ) is shorter than the height of one story, as shown in Fig 4 and Fig 5. Therefore, the buckling load of the braced scaffold is greater. When the buckling length of the scaffolds equals the length of an installed cross brace h b , the buckling load of the scaffolds is shown as follows: The buckling load is represented by Eq. (3) P be is 211 kN. The ratio of the buckling load by Eq. (3) to that of the experimental results P be / P e is approximately 0.95. Eq. (3) corresponds well to the experimental result and so it is confirmed that the buckling load of the braced scaffolds can be calculated by Eq. (3). 
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Conclusion
In this study, we conducted a buckling experiment with the vertical frame of scaffolds to test and confirm strength.
The buckling load of the vertical frame in the experiment P e is 115.3 kN. The buckling load was calculated taking into account the influence of the scaffold's stiffening member I e and it corresponded well to the experimental result. Therefore, it was confirmed that the buckling load of the vertical frame can be calculated by Eq. (1).
The scaffolds in our experiment were became the member buckling. Buckling occurred along the installation length of the brace. The buckling load of experiment P e 221 kN. The buckling load was calculated taking into account the influence of the scaffold's stiffening member I e and it corresponded well to the experimental result. We confirmed that the buckling load of braced scaffolds can be calculated by means of Eq. (3).
In future these experimental results can be compared with other evaluation methods that investigate the buckling strength of scaffolds and we can further examine the suitability of the evaluation method presented here.
